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SEMICONDUCTOR DEVICE MANUFACTURING METHOD 

CLAIMS : 

1. A semiconductor device manufacturing method, 
characterized in containing: a step of forming a resist 
pattern, using a resist whose main component is a polymer 
that contains halogen atoms, atop a thin film formed atop a 
substrate; a step wherein, by effecting ion implantation in 
said resist pattern, the dimensions of said resist pattern 
are reduced corresponding to the amount of ions implanted in 
said ion implantation; and a step of using said reduced 
resist pattern as a mask and etching of said thin film. 

2 . A semiconductor device manufacturing method as 
disclosed in claim 1, further characterized in that the 
amount of said ion implantation is at least 1 x 10^^ cm'^ or 
more . 

3 . A semiconductor device manufacturing method as 
disclosed in claim 1, wherein the polymer whose main 
component is resist contains at least one type of halogen 
atom from among chlorine, bromine, or fluorine, and that the 
implanted ions contain at least one type of ion from among 
boron, phosphorus, or hydrogen. 

4 . A semiconductor device manufacturing method as 
disclosed in claim 3, further characterized in that the 
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polymer that is a main component of said resist is a 
polymethylmetacrylate wherein a portion of the metoxy groups 
have been substituted by chlorine atoms, and the other 
portion of the metoxy groups have been substituted by 
hydroxide groups, and furthermore the implanted ions are 
boron . 

5. A semiconductor device manufacturing method as 
disclosed in claims 1-4, wherein the thin film to be 
etched is polysilicon, and a gate pattern is formed. 
[DETAILED DESCRIPTION OF THE INVENTION] 

[SUMMARY] 

The present invention concerns manufacturing methods 
for semiconductor devices having extremely fine integrated 
circuits; has the aim of further reducing the dimensions of 
a resist pattern obtained by a photo -exposure method; and is 
structured so as to contain: 

a step of forming a resist pattern, using a resist 
whose main component is a polymer that contains halogen 
atoms, atop a thin film formed atop a substrate; 

a step wherein, by effecting ion implantation in said 
resist pattern, the dimensions of said resist pattern are 
reduced corresponding to the amount of ions implanted in 
said ion implantation; 

and a step of using said reduced resist pattern as a 
mask and etching of said thin film. 

[FIELD OF USE] 
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The present invention concerns manufacturing methods 
for semiconductor devices having extremely fine integrated 
circuits. As for manufacturing methods for semiconductor 
devices, as the miniaturization of the elements increases, 
there is an accompanying demand for increased precision in 
pattern- forming technology. The smallest dimensions capable 
of being formed by the technological progress of photo- 
exposure processes get smaller every year. However, for the 
purpose of increasing efficiency in actual semiconductor 
manufacturing, there is a demand for dimensions further 
reduced over those obtainable by photo- exposure . There is a 
necessity go respond to these demands using a variety of 
methods . 

[PRIOR ART] 

As for a method to further reduce the dimensions of a 
resist pattern obtained by photo-exposure methods, as 
disclosed in Japanese Unexamined Patent Application 57- 
202754, a posi-type photoresist mask is applied atop a 
silicon nitride film, and after implanting ions into the 
substrate through the resist and silicon nitride film, the 
resist mask is reduced using a plasma oxide. This 
application discloses only the use of a posi-type resist, 
nor does the embodiment specify a polymer, and as such it 
can be considered to have the effect of reducing the pattern 
by using oxygen plasma on an organic resist that does not 
contain halogen, such as a common polymethylmetacrylate 
(PMMA) or the like. As the pattern dimensions become smaller 
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than l|iiTn, the control characteristics of the dimensions 
worsen when etching with oxygen plasma, such that there is a 
disadvantage in that a fine pattern cannot be formed with 
precision. The main reason for this is because a uniform 
concentration of the plasma and because of circulation of 
the gas cannot be realized in etching with oxygen plasma. 
Because of this, the generation of offset in pattern 
dimensions cannot be avoided. Recently, wafer diameters have 
increased, and if there is a large amount of offset of 
pattern dimensions within the wafer, when the fine pattern 
is further etched with oxygen plasma so as to reduce it, the 
interior of the resist is roughened such that density 
decreases, and when using this as a mask for dry-etching of 
lower layers thereafter, there is a reduction in durability. 
[PROBLEM TO BE ADDRESSED] 

The aim of the present invention is to resolve the 
disadvantages of a lowered dry-etching withstanding 
capability and worsened dimensional control characteristics 
within a technique for further reducing the dimensions of a 
resist pattern obtained by photo - exposure . 

[MEASURES TO SOLVE THE PROBLEM] 

The present invention addresses said disadvantage by 
using a method characterized in containing: a step of 
forming a resist pattern, using a resist whose main 
component is a polymer that contains halogen atoms, atop a 
thin film formed atop a substrate; a step wherein, by 



effecting ion implantation in said resist pattern, the 




4 



dime nsions o f said resist pattern are reduced corresponding 
^ ' ~ — ■ — . ^ 

to the amount of ions implanted in said ion implantation; 
and a step of usi ng said reduced ^msJ.^ pattern as a mask 
and etching of said thin film. 
[FUNCTION] 

When a high concentration of ions are implanted in a 
resist whose main component is a polymer containing halogen 
atoms, a breakdown and a bridging reaction occur 
simultaneously within the resist, such that halogen, oxygen, 
and hydrogen atoms break free into the vacuum, forming a 
structure with a high density carbon component. Because of 
this, the resist contracts, and the pattern size becomes 
smaller than the initial dimensions. Furthermore, because it 
becomes a structure containing much carbon, the dry-etching 
withstanding characteristics improve. Furthermore, the ion 
implantation can control the amount of implantation in a 
unit of surface area with high precision, such that the 
dimensional precision of the pattern within the wafer is 
largely increased . 

The polymer that is the main component of the resist 
preferably contains chlorine, bromine, or iodine; for 
example, as shown in the following structural formula, a 
polymethylmetacrylate (CMR) wherein a portion of the metoxy 
groups are substituted by chlorine atoms, and the other 
portion of the metoxy groups are substituted by hydroxide 
groups : 
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[SEE PATENT DOCUMENT FOR STRUCTURAL FORMULA] 



Furthermore, polychloromethylstyrene can be used. 
Furthermore , fluorine-containing 

polyhexaf luorobutylmethacrlate, or bromine -containing 
polybromomethylstyrene can be used as well. 

In contrast, with polymers that do not contain halogen 
atoms, such as polymethylmetacrylate (PMMA) or 
polymethylisopropynylketone (PMIPK) , the reduction effect 
from the ion implantation with regards to the pattern 
dimensions is, when implanting of ions of a low 
concentration, extremely small, but when implanting of ions 
of a high concentration, the pattern dimensions increase, 
and the thickness becomes extremely thin as well . 

The implanted ions are preferably boron, phosphorus, or 
hydrogen. It is required that the ion implantation 
concentration be 1 x 10"^^ cm"^ or more. By means of this, an 
adequate effect can be obtained at small concentrations. 

The combination of ion type and halogen is particularly 
effective with boron and chlorine and phosphorus and 
chlorine. It is theorized that this is because BCI3 and PCI3 
gases are easily generated. 

[EMBODIMENT] 

As shown in figure 1, a heat -oxide film of 0.8|am is 

selectively deposited atop silicon substrate 1; a 200 
Angstrom gate oxide film 2 that will become an active region 
is deposited atop the silicon; and polysilicon 3 is 
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deposited thereatop at a thickness of 0.4]iTn by a low- 
pressure gas-phase deposition at a temperature of 600°C. 

Furthermore, polymethylmetacrylate (CMR) that can be heated 
to form a three-dimensional structure and wherein, as shown 
in the formula above, a portion of the metoxy groups are 
substituted by chlorine atoms, and the other portion of the 
metoxy groups are substituted by hydroxide groups, is used 
thereatop as a thermo-bridging type posi -resist 4 having a 
main component of polymer containing halogen atoms. 

This resist film was used to draw an exposure pattern 
for a gate electrode by means of a 1:1 reaction projection 
exposure device having a far-ultraviolet light source. The 
smallest limit of a pattern drawn by this exposure method 

was 0.91)im. 

Next, boron ions were implanted under conditions of an 
acceleration voltage of 60KeV, and an implantation amount of 
1.5 x lO^^cm"^ [translator's note: the superscripts are 
difficult to read in the original and may be inaccurate] 
into the test material . The resist pattern dimensions were 

reduced to 0.49]Lim and a thickness of 0.79|am. In a wafer of a 

15cm diameter, the dimensional variation was +0.02|am or 

below, and could be controlled with high precision. 
Furthermore, under conditions such that the implantation 
amount was increased to 3 x lO^^cm'^ the dimensions were 

0.3 9|im and a thickness of 0.71|am. Conversely, under 

conditions such that the implantation amount was reduced to 



2 X lO^'^cm'^, the dimensions were 0.76)am and a thickness of 

0.95|im. Under conditions such that the implantation amount 

was reduced to 1 x lO^^cm"^, the dimensions were 0.90|am and a 

thickness of 1.0 |am. In short, as the implantation amount 
comes to be 1 X 10^*cm~^ or above, the effect is generated. 

When the test materials were used in the etching of 
Polysilicon with HBr gas using an RIE dry-etching method, 
the dimensions were reduced to the extent that the ion 
implantation amount was large; by means of improving the 
etching withstand characteristics of the resist, and the 
polysilicon etching speed, the cross-section was made so as 
to be close to orthogonal, and a high precision was obtained. 
A MOSFET IC manufactured by these steps has a structure as 
shown in figure 2. As for the characteristics thereof, it 
was determined that the present invention exerts no ill 
effect on the device, and that the dimensions of articles of 
the same gate length were the same regardless of the amount 
or presence of ion implantation. Furthermore, to the degree 
the amount of ion implantation increased, MOSFET of a short 
gate length could be manufactured, and the characteristics 
thereof were, in comparison to articles of little or no ion 
implantation, such that the mutual conductance Gm was high 
and such that they had high capabilities. The improvement of 
etching speed by dry etching of a silicon nitride film by 
ion implantation was disclosed in Japanese Published 
Unexamined Patent Application 53-045974; however, it was 
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determined that this occurs with regards to dry etching of 
polysilicon as well. 
EMBODIMENT 2 

Using electron beam exposure, a pattern was drawn in 
resist in a similar manner to the first embodiment. The 

smallest pattern dimensions were 0.3|im, with a thickness of 
0.6|im, When boron ions were implanted under conditions of 50 
KeV and 3 x lO^^cm"^, a pattern with dimensions of 0.14|Lim, 
and a thickness of 0.45|im could be formed. When this was 

used as a mask to etch polysilicon (thickness: 0.2)im), a 

fine gate electrode could be formed. The reduction of 
acceleration voltage in comparison to embodiment 1 was 
because the polysilicon thickness was reduced, such that 
boron would not be implanted in the gate oxide film below 
and in the monocrystalline silicon layer of the substrate. 
EMBODIMENT 3 

As for an even finer gate forming method, the 

polysilicon thickness was set to 0.1|j,m, and a 20nm silicon 

oxide film was deposited thereatop by CVD; a nega-resist 
containing chlorine atoms, polychloromethylstyrene, was 

coated at a thickness of 0.2|im thereatop; and a 0.14|am gate 
pattern was formed by electron beam exposure. When 
phosphorous ions were implanted into this material under 
conditions of 50 KeV and 2 x 10^^ cm'^, a pattern with 

dimensions of 0.08|am, and an extremely fine pattern could be 
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formed. First, this was used as a mask for etching CVD-Si02 
with CHF3 gas; then the polysilicon was etched with HBr gas 

such that a MOSFET with a gate length of 0 . l|im or less could 

be realized. 
EFFECT 

By the present invention, dimensions smaller than those 
obtained by a normal exposure process can be obtained with 
good control characteristics, and the capabilities of 
integrated circuits can be improved. 

[BRIEF EXPLANATION OF THE DRAWINGS] 

Figure 1 is a chart showing the steps in forming a 
pattern of the present invention. Figure 2 is a cutaway of a 
MOSFET structure. 

1 : Substrate 

2: Gate oxide film 

3: Polysilicon film 

4: Resist film 

5: Resist pattern 

6: Ion line 

7: Reduced resist pattern 
8: Polysilicon pattern 
9: Impurity-dispersed layer 
10: Metal electrode 
11: Oxide film 
12 : CVD Oxide film 
USPTO TRANSLATIONS BRANCH - December 11, 2 0 01 - Matt Alt 
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